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The Relativistic Heavy Ion Collider 

 at Brookhaven National Laboratory 

R-HI  

New state of matter 

QGP 

De-confinement 
… 

polarized proton 

Nucleon Spin Structure 

Spin Fragmentation  

pQCD   
… 

RHIC is a QCD lab 

 

STAR 

BRAHMS 



4/28/09 Ming Xiong Liu 

•
–

•
–

•
–

•
–

–

azimuth 2

4.2||2.1 <<

azimuth 9090

35.0||

+

<

azimuth 2

7.3||1.3 <<

Philosophy: 

High rate capability to measure rare probes,  

limited acceptance. 
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PHENIX 

BRAHMS &PP2PP PHOBOS 

STAR 
1.2 km 

RHIC 

The STAR Detectors 

• Time Projection Chamber   | |<1.6     
• Forward TPC              2.5<| |<4.0  
• Silicon Vertex Tracker        | |<1  
• Barrel EMC                         | |<1  
• Endcap EMC                1.0<  <2.0  
• Forward Pion Detector  3.3<| |<4.1 
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Au nucleus 

Au nucleus 



Transverse kinetic energy: KET  mT - m, where mT
2 = pT

2 + m2 



KET scaling works for baryons and mesons 
separately at moderate pT 

At low pT KET/nq scaling suggests flow 
established at partonic level; breaks 
down at KET/nq>1 GeV 



Thermal Radiation and Direct photon

 Photons emitted from every stage of 

collisions 

 Carry the thermodynamic 

information about the matter when 
they are generated. 

 Low pT region (1~3 GeV/c) 
– Thermal radiation from QGP 

 Intermediate pT region (3~5 GeV/c) 

– jet-medium interactions 
• jet-photon conversion 

• in-medium bremsstrahlung 
 Nuclear matter/PDF effects may 

enhance/decrease photon yield at low pT. 

 Cronin effect, nuclear shadowing 
 Measurement of direct photon is very 

challenging due to a large background from 
hadron decays. 

S.Turbide et al  PRC  69  014903  
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Evidence of Thermal Radiation?

 

arXiv: 0804.4168 
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If no “effects”: 

  RAA = 1 at high-pT where hard  

               scattering dominates 

 Suppression:   

  RAA < 1 at high-pT 
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RAA =
YieldAA/ Nbinary AA

Yieldpp



S.Wicks, W. Horowitz, M. Gyulassy (WHDG) nucl-th/0512076 
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RAA =
YieldAA/ Nbinary AA

Yieldpp
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•  not affected by strong interaction  no 
surface bias, can probe the entire 
geometry 

• well calibrated, E  ~ Ejet 
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p+p slope: 

6.89 ± 0.64 

Au+Au slope: 

9.49 ± 1.37 
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arXiv:0903.3399 
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Debye screening predicted  to destroy J/
’s in a sQGP with other states “melting” at 

different temperatures due to different 
sizes or binding energies. 

For the hot-dense medium (QGP) created in A+A collisions at RHIC: 
• Large quark energy loss in the medium implies high densities 
• Flow scales with number of quarks – partonic flow 
• Is there deconfinement?  look for Quarkonia screening 

Different lattice calculations do not agree on whether the 
J/  is screened or not – measurements will have to tell! 

Deconfinement and Quarkonia 

Satz, hep-ph/0512217 

Mocsy, WWND08 

RHIC: T/TC ~ 1.9 or higher 
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Grandchamp, Rapp, Brown 
PRL 92, 212301 (2004) 

nucl-ex/0611020 

• larger gluon density at RHIC expected to 
give stronger suppression than SPS 
• but larger charm production at RHIC 
gives larger regeneration 

• forward rapidity lower than mid due to 
smaller open-charm density there 
• very sensitive to poorly known open-
charm cross sections (FVTX will help here) 

• expect inherited flow from open charm 
• regeneration would be HUGE at the LHC! 

QGP effects on Quarkonia 
Regeneration – Compensating for Screening

• can the two compensating components 
(screening & regeneration) which may have 
diff. centrality dependences, give a flat 
forward/mid-rapidity RAA? 

Centrality (Npart) 

Centrality (Npart) 
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• Main criticisms 

• Indication of other causes that induce J/  flow 

• But then... 
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p+p Au+Au 

N[8.5,11.5] 10.5(+3.7/-3.6) 11.7(+4.7/-4.6) 

NJ/  2653 ±70±345 4166 ±442

(+187/-304) 

RAA(J/ ) --- 0.425 ±0.025±0.072 







RAuAu(y=0) 

J/  0.425 ± 0.025 ± 0.072 

Me+e-= [8.5,11.5 GeV] < 0.64 at 90% C.L. 
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Virtual photon method

–

 

 



Electromagentic probes (photon and lepton 

pairs) 
• Photons and lepton 

pairs are cleanest 
probes of the dense 
matter formed at RHIC 

• These probes have 
little interaction with the 
matter so they carry 
information deep inside 
of the matter 
– Temperature? 

– Hadrons inside the 
matter 

– Matter properties 
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